The soybean cyst nematode, Heterodera glycines, is an economically important pathogen of soybean, Glycine max, in the north central region where most U.S. soybeans are produced (3) . In six north central states (Illinois, Indiana, Iowa, Minnesota, Missouri, and Ohio) surveyed for the presence of H. glycines, 47 to 83% of soybean hectarage was found to be infested (13) . One estimate of the soybean crop loss in north central states attributable to H. glycines parasitism was over $200 million annually (2) . Significant yield losses can occur in the absence of aboveground symptoms (7) , which delayed recognition of the extent of the problem in this region until the last decade. Recommendations for soybean management tactics in H. glycines-infested fields vary from state to state, but all have in common the use of resistant soybean cultivars as the first and most effective option (8) . Nonetheless, H. glycines continues to spread, and development of resistant cultivars and other effective control options remains a priority.
Interactions between field populations of H. glycines and soybean cultivars within maturity groups adapted to the north central states have not been described. Consequently, a group of plant pathologists and nematologists from 10 north central states investigated the effects of soybean maturity group, resistance to H. glycines, and environment on the reproduction of H. glycines.
MATERIALS AND METHODS
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An experiment was conducted in Heterodera glycines-infested fields in 40 north central U.S. environments (21 sites in 1994 and 19 sites in 1995) to assess reproduction of this nematode. Two resistant and two susceptible soybean cultivars from each of the maturity groups (MG) I through IV were grown at each site in 6.1 m by 4 row plots. Soil samples were collected from each plot at planting and harvest and processed at Iowa State University to determine H. glycines initial (Pi) and final (Pf) population densities as eggs per 100 cm 3 of soil. Overall, reproduction (Pf/Pi) of H. glycines on susceptible cultivars in all MG was similar. Reproduction was higher on MG III and IV susceptible cultivars than on those in MG I and II. Resistant MG I and II cultivars reduced nematode population densities more consistently than those in MG III and IV. Reproduction of the nematode was similar among sites within the same maturity zone (MZ), defined as the areas of best adaptation of the corresponding MG. Nonetheless, careful monitoring of nematode population densities is necessary to assess changes that occur over time in individual fields.
Additional keywords: Glycine max, soybean maturity group, soybean maturity zone planting. z Total number of observations. Only sites with complete data sets (four maturity groups at any site) were included for analysis. w Pi = number of eggs of Heterodera glycines per 100 cm 3 soil at planting. x Planting dates are given when exact date is known; for those not given, plants were planted on locally recommended dates. y Race testing was conducted by local cooperators according to various protocols. z St. Charles is located along the division line between maturity zones I and II. It was included in both maturity zones for analysis.
ity groups (MG I through IV) ( Table 1) were grown at each location in 1994 and 1995. Plots consisted of mostly mediumtextured soil (loam, silt loam, clay loam, and silty loam) in both years (Table 2) . Experimental locations were distributed within maturity zones (MZ) 1 to 4 in 10 states. MZ 1 to 4 are the geographic zones of best adaptation of the soybean MG I to IV, respectively. All field plots were naturally infested with H. glycines. Seeds were planted during the appropriate period for commercial soybean production at each location. Weed control at each location was accomplished with traditionally recommended herbicides and/or cultivation. At every location, individual plots consisted of four 6.1-m-long rows spaced 76 cm apart. Each cultivar was replicated four times in randomized complete blocks. Soil samples were taken at or shortly after planting but before any postplant cultivation for estimation of initial population densities (Pi) of H. glycines, and at or near harvest for final population densities (Pf). Ten soil cores (19 mm diameter by 15 to 20 cm) were collected in a zig-zag pattern from the center 4.9-m length of the two center rows. A composite sample from each plot was sent to Iowa State University for cyst extraction and egg enumeration. Cysts were extracted from 100 cm 3 subsamples with a semiautomatic elutriator (1). Eggs were released from extracted cysts with a motorized pestle (7) and counted under a dissecting microscope. Race determination tests were conducted locally by some cooperators using various protocols (e.g., 7).
All nematode data were transformed to log 10(x + 1) values before analysis to reduce the correlation between means and variances. The effects of year, MZ, site, MG, and cultivar resistance were evaluated by means of the general linear models (GLM) procedure of SAS (SAS Institute, Cary, NC). Means over MZ and MG were separated with least-squares estimates of marginal means (LSMEANS) whenever possible. Relationships between reproduction (Rf, defined as [Pf + 1]/[Pi + 1]) and Pi at each location were analyzed by regression. Parameters (slopes, intercepts) of linear models generated at any location were compared with those at other locations within the same MZ to test differences between those models.
RESULTS
Pi and Rf were different between the 2 years. Higher Pi and lower Rf occurred in 1995 than in 1994, especially in MZ 2 and 3 ( Table 3) . Analysis of variance indicated that the 2 years had heterogeneous variances (P = 0.05). Consequently, results from each year were analyzed separately. Reproduction of H. glycines was strongly influenced by local environments represented by site, MZ, their combinations, and soybean MG; however, interactions between MG and MZ were not significant in either year (Table 4 ; 1994 data not shown).
Reproduction on MG I to IV cultivars. In 1994, cultivars in MG III and IV supported greater H. glycines reproduction than those in MG I and II (Table 5) . In MZ 1, resistant cultivars in MG I through III suppressed H. glycines reproduction (Rf < 1.0), whereas those in MG IV did not. MG I cultivars were the most effective in reducing H. glycines population densities (Table 6 ). In MZ 2, all resistant cultivars reduced H. glycines reproduction, with the greatest reduction on cultivars in MG II. In MZ 3, resistant cultivars in MG I and II suppressed H. glycines reproduction, but cultivars in MG III and IV allowed population densities to increase. The differences in H. glycines reproduction on resistant cultivars between MG I and II versus MG III and IV were also observed in MZ 4. Reproduction on susceptible cultivars in MG I, II, III, and IV was similar within each MZ (Table 6 ). The average Pf on all susceptible cultivars was considerably higher than Pi in MZ 4.
In 1995, cultivars in MG III and IV similarly supported greater H. glycines reproduction than those in MG I and II, although overall Pi values were 2.8 to 4.1 times greater in 1995 than in 1994 (Table  5) . In MZ 1, all resistant cultivars reduced H. glycines reproduction except those in MG IV; however, the reduction was less than that in 1994 (Table 6 ). All susceptible cultivars supported increases in H. glycines population densities. Susceptible cultivars in MG III and IV supported greater H. glycines reproduction in MZ 2 and 3 than in MZ 1 (Table 6) .
Relationships between Pi and reproduction (Rf). Reproduction was influenced by local environment (MZ and site) ( Table 4) ; however, relationships between Pi and reproduction were similar regardless of locality (Table 7) . Thirty-three of 40 Rf on Pi regressions (82.5%) were inverse for resistant cultivars. For susceptible cultivars, 38 of 40 (95%) were inverse. Slopes of regressions ranged from -0.44 MO, 1994) for susceptible. Within the same MZ, slopes and intercepts derived from regression linear models were compared for each host reaction type (resistant and susceptible). Parameters for all locations were similar under the same host reaction type (Table 8) . However, the regression model for resistant cultivars and that for susceptible cultivars within the same MZ were significantly different (Table 8 ).
DISCUSSION
Soybean MG influenced H. glycines reproduction in North Carolina, where MG V to VIII cultivars were tested (5) . Cultivars in later MG tended to have a longer root growth period, which presumably provided additional time for nematode reproduction. The use of earlymaturing cultivars has been proposed for use in conjunction with other tactics for management of H. glycines in North Carolina (6, 11) . In contrast, Todd (12) found little influence of soybean MG on H. glycines reproduction in MG III and IV cultivars tested in Kansas. In the present study, we observed that resistant cultivars of earlier MG appeared to be more effective in reducing nematode population density than those of later MG in all MZ tested. However, there were no significant differences in Rf on susceptible cultivars regardless of MG. The results suggest that although planting early-maturing resistant cultivars may reduce H. glycines Rf and Pf, the benefit of reducing nematode reproduction is unlikely to be sufficient to overcome the economic effects of lower yields that early-maturing cultivars would probably have in higher MZ. Planting early-maturing cultivars that are susceptible to the nematode provides no benefits in reducing nematode population densities and may result in lower yields than similar later maturing cultivars.
Of particular interest in our data were increases in the nematode population on resistant cultivars observed in both years. Resistant cultivars in MG IV (Pharaoh, Delsoy 4210) were not effective in reducing H. glycines Pf in MZ 1 in either year and in MZ 3 and 4 in 1994, although Pi were similar within MZ in both years. Similar results were observed with MG III resistant cultivars. In fact, increases in Pf were observed at more than half of all test sites where the resistant cultivars Linford, MFA 9043, Pharaoh, and Delsoy were planted in 1994. Linford has only a moderate level resistance to both race 3 and 4 in Illinois (9) . Our results suggest that environmental factors play a significant role in regulating nematode reproduction on these cultivars. The genetic makeup of the nematode population at the test sites also may have affected our results. However, the results of race tests cannot be compared because the tests were conducted locally according to various protocols. Race test results can differ among labs, even when protocols are similar (10) . Resistant cultivar-location specificity should be considered when recommendations for resistant cultivars are to be made. However, resistant cultivars in MG I and II were not influenced as much by factors associated with MZ as were resistant cultivars in MG III and IV.
Calculation of reproduction is used widely in nematology as an indicator of host status; higher reproduction rates are generally associated with more compatible interactions. Hosts are considered resistant if Rf < 1.0 where conducive environments for reproduction occur. By taking soil samples from the two center rows of each plot in this study, final populations were estimated from the stratum of maximum reproductive potential, due presumably to high root densities (4). Thus, Pf and Rf herein provide relative trends in many diverse environments. In addition, many factors other than host status and sampling can substantially affect Rf. Soil properties (e.g., soil type, texture, and moisture content) and Pi are the most important factors.
Rf usually is inversely related to Pi; therefore, Rf at different locations can only be compared over a comparable range of Pi. Alternatively, slopes associated with linear relationships between Rf and Pi provide a means to evaluate and compare fitness of particular hosts or locations for nematode reproduction. The intercepts of the regression lines can be used to estimate the minimum population densities that must occur to observe the decline in population densities due to competition and/or other density-related factors. Given the same Pi, locations or crops with steeper slopes are likely to have smaller nematode population densities at the end of season. The significant differences in slopes and intercepts between resistant and susceptible cultivars within the same MZ reflected the fact that two host types have different influences on nematode reproduction. In spite of the differences in Pi and Rf among our test sites, slopes and intercepts appeared to be similar among test sites. Comparisons of slopes and intercepts indicated that sites in MZ 1 appeared more homogeneous than those in MZ 2 and 3. The heterogeneity found in MZ 2 and 3 indicates careful monitoring is warranted when management decisions are to be made for soybean production in H. glycines-infested fields. x There was only one location in zone 1. Rf = (Pf + 1)/(Pi + 1), where Pf is the number of eggs per 100 cm 3 of soil at or near harvest, and Pi is the number of eggs per 100 cm 3 of soil at planting. y Regression models derived from resistant or susceptible cultivars at each location within the same maturity zone and the same year are compared. In each maturity zone and each year, the total number of pair comparisons of linear models for slopes and intercepts are indicated by numbers in denominator. Among those pair comparisons, incidences when slopes or intercepts were significantly different (P = 0.05) are indicated by numbers in numerator. z The regression model derived from all pooled resistant cultivars within each maturity zone in each year is compared with the mo del from all pooled susceptible cultivars. S, NS are significant, not significant (P = 0.05), respectively.
